Abstract: Non-communicable diseases, including cardiovascular diseases, are responsible for over 70% of deaths in Brazil. Currently, over 25% of Brazilian adults are diagnosed as hypertensive; overall, current dietary sodium intake in Brazil (4700 mg/person) is over twice the international recommendations, and 70-90% of adolescents and adults consume excessive sodium. National sodium reduction strategies consider the main dietary sources of sodium to be added salt to foods, foods consumed outside of the household, and sodium in processed foods. The national voluntary strategy for sodium reduction in priority food categories has been continuously monitored over a 6-year period (2011)(2012)(2013)(2014)(2015)(2016)(2017) and there was a significant 8-34% reduction in the average sodium content of over half food categories. Different food categories have undergone differing reductions in sodium over time, aiding gradual biannual targets to allow industries to develop new technologies and consumers to adapt to foods with less salt. By 2017, most products of all food categories had met the regional targets proposed by the Pan American Health Organization, showing that voluntary sodium reduction strategies can potentially contribute to food reformulation. Nevertheless, regulatory approaches may still be necessary in the future in order to reach all food producers and to allow stronger enforcement to meet more stringent regional targets.
Introduction
In most countries in the world, there is excessive dietary sodium consumption within the population, which is an important risk factor for the development of hypertension and cardiovascular disease [1] . Accordingly, sodium reduction was prioritized in the United Nations' Global Action Plan for the Prevention and Control of Noncommunicable Diseases (NCD), and the World Health Organization (WHO) has defined a 30% relative reduction in mean population intake of salt/sodium as a global voluntary target for 2025 [2] . The Pan American Health Organization (PAHO) has followed global priorities by urging governments to commit to the global NCD targets and supporting countries of the Americas in reducing dietary sodium to less than 2000 mg per person by 2020 [3] .
Diet is an important risk factor for NCDs. Dietary sodium reduction is a modifiable risk factor for hypertension and cardiovascular disease and a highly cost-effective strategy ("best-buy") in non-communicable disease prevention as per the WHO [4] . It has been projected that a 10% worldwide reductions of the existing limits are required, and more food categories should be included in the law [23] . In South Africa, industries are rapidly meeting the mandatory limits for sodium content in processed foods and, one year after the introduction of the national legislation, two-thirds of targeted foods have met the established limits and many others are close to meeting the legislated requirements [24] . The Brazilian Dietary Sodium Reduction Plan takes into account the multiple dietary sources of sodium and the needs of different population groups, and involves consumer education, healthy diet promotion, processed food reformulation, health promotion in school and work settings, food regulation, and healthcare organization [25] .
The Dietary Guidelines for the Brazilian Population are the major tool for food and nutrition education and state that salt should only be used in small amounts when cooking and consuming foods and that so called ultra-processed foods, commonly rich in sodium, sugars, and fats, should be avoided [26] .
The food reformulation strategies in Brazil have been based on voluntary agreements with the Brazilian Association of Food Industries (ABIA), which accounts for over 70% of the processed food market in the country. Targets were set in order to represent gradual but meaningful reductions in the maximum sodium content of packaged foods through biannual targets for the food categories that most contribute to sodium intake [27] , according to national household budget surveys [28] . The Pan American Health Organization has supported sodium reduction policies in the Americas and proposed inaugural regional targets for several food categories in 2014 (breads, cakes, cookies and biscuits, pastas, dairy spreads, breakfast cereals and mayonnaise). These targets were based on the national targets for sodium reduction in the region, either voluntary or regulatory, as in Argentina, Brazil, Canada, Chile and the United States. The maximum values set by the PAHO consist of a general target for each food category. A more stringent target is also proposed, based on the lowest targets in the region, in order to assist countries in starting their national sodium reduction policies and to improve the ongoing policies [29] .
Thus the main purpose of this study was to follow-up the changes in sodium content of the main food categories with voluntary sodium reduction targets in Brazil from 2011 to 2017 and to compare the sodium content of food categories in Brazil to the regional targets proposed by the PAHO.
Materials and Methods

Product Selection Criteria
The food categories that were analyzed in this study include breads, cakes and cake mixes, pastas, snacks, mayonnaise, dairy spreads, margarines, salt-based condiments, mozzarella cheese, biscuits, cookies and crackers, and breakfast cereals, which were prioritized for sodium reduction with food industries.
Some food categories were divided into subcategories for specific sodium reduction targets because of technical justifications by food industries when targets were established. Breads include sliced bread and buns, cakes are subdivided into those with or without filling, cake mixes may be aerated or creamy, snacks include extruded corn snacks and potato chips, and condiments include bouillons, paste and rice condiments [30] [31] [32] [33] . Prior to data collection, food companies that voluntarily committed to the national sodium reduction targets and their products were listed by the Brazilian Association of Food Industries.
The food subcategories that were included in this study were required to have completed two monitoring cycles, considering the baseline of target setting (in 2011) and data collection rounds every two or three years (2013-2014 and 2017) . Food categories that did not complete at least 4 years of target implementation and products belonging to companies that are not members of ABIA were not included in the analysis.
Data Collection
Data on sodium content were directly obtained from the mandatory food label information of products, mainly from the official company websites. All nutritional information from products that was not available in the websites was collected through the companies' customer services. The products also needed to be available on the market at the time of data collection according to the information provided by ABIA, and in the case of different package sizes for the same product, only one entry was considered. Baseline and follow-up data consisted of records of the manufacturer, brand and commercial product name, as well as the sodium content per sizing and adjusted per 100 g. Data were independently verified for outliers, missing values and data entry accuracy by two study personnel and queries and discrepancies were reviewed from the websites and followed-up directly with the food industries and their association.
Statistical Analysis
Firstly, data were independently verified for outliers, missing values and data entry accuracy by two study personnel, and queries and discrepancies were reviewed from the websites and directly with the food industries and ABIA when necessary.
The sodium content of all food subcategories in 2017 was directly compared to the PAHO regional targets (lowest and most stringent). Some food subcategories were grouped in order to be compared to the regional food categories (breads, pasta, snacks, mayonnaise, butter/dairy spread, condiments, cookies and sweet biscuits, savory biscuits and crackers, and breakfast cereals) and food categories which did not have corresponding regional targets were compared to the 2016 national targets [29] .
For all food categories studied, descriptive statistics were calculated including the total of products for each category, measures of central tendency and dispersion (means and medians, as well as their respective standard deviations and maximum and minimum sodium levels) in 2011, 2013-2014 and 2017. Then, the sodium content of each food category was calculated at the same time points based on variable distribution to verify normality through the Shapiro-Wilk test. After that, we investigated the significance of the differences in sodium content at each data collection point through the Kruskal-Wallis test, a non-parametric test, because the data studied did not meet the normality criteria. For the food categories that presented statistical significance, we conducted the Dunn's test to verify statistical difference in each time period (2011 to 2013-2014, 2013-2014 to 2017 and 2011 to 2017). All analyses considered statistical significance as p < 0.05.
Additionally, data were plotted in distribution graphs of sodium values from baseline to the second round of monitoring, displaying the interquartile ranges.
All statistical analyses were conducted using Stata 12 (Stata Corp, College Station, TX, USA).
Results
Proportion of Products Meeting the PAHO Regional Targets
After removing duplicates and products with ineligible or insufficient information on nutritional composition, we analyzed a total of 1067 products at baseline, 1288 products in the first data collection cycle (2013-2014) and 981 products in the second data collection cycle (2017). According to the Brazilian Association of Food Industries, the different number of food products within each time period is due to discontinuity and replacement of products over time.
The sodium content of Brazilian processed foods analyzed in 2017 indicates that in over half of the food subcategories 100% of the products met these targets, and in all except one food subcategory (corn snacks), over 85% of products met the regional targets for 2017.
Considering the more stringent maximum values set by the PAHO for the region, the targets were met by over 70% of the products in half of the food subcategories, and only breakfast cereals had all products meet these maximum values. In addition, nine food subcategories had a less than 50% compliance in their products when compared to the more stringent targets, of which three subcategories had less than 10% of the products meet these targets, as shown in Table 1 . 
Analysis of Mean and Median Sodium Content for Each Food Category over Time
The mean and median sodium content of all 20 food subcategories, along with their standard deviations and minimum and maximum values, were evaluated at the baseline of the target setting (2011), in 2013-2014, and in 2017.
Sodium changes varied between food subcategories, considering the measures of central tendency of sodium content of food products at baseline and at each data collection point (Table 2) . Most food subcategories (except for corn snacks and mozzarella cheese) continually reduced both sodium means and medians over time, and statistically significant reductions were found for 65% of the subcategories from 2011 to 2017. For sliced bread, salted crackers, sweet biscuits, filled cookies, instant pastas, mayonnaise, cakes with and without filling, aerated and creamy cake mixes, margarines, dairy spreads and bouillons, there was a significant 8-34% reduction in mean sodium content between 2011 and 2017 ( Table 3) . The greatest sodium reductions occurred for cakes (25.7 to 28.0%), margarines (26.4%) and dairy spreads (28.0%). The speed of sodium reduction varied among the food subcategories between each monitoring cycle but most subcategories evidenced continual reduction of mean sodium content. Significant reductions in mean sodium content were achieved in nine subcategories between 2011 and 2013-2014 and in six subcategories in 2013-2014 and 2017. Four subcategories significantly reduced their mean sodium content in both periods (aerated cake mixes, cakes with and without filling and dairy spreads). Despite the reduction in mean sodium content for most subcategories in both periods, for mozzarella cheese and corn snacks, an initial reduction was followed an increase in overall mean sodium content. At this point, other studies pairing products from each period may for allow a better analysis about these different rates of sodium reduction. The distribution of sodium content varied highly between 2011 and 2017 amongst food subcategories and between time periods (Figures 1-5) . The variability in sodium content within food subcategories declined for 70% (14) of the subcategories, converging towards the median sodium content (sliced breads, buns, creamy cake mixes, potato chips, bouillons, sweet cookies, filed cookies, salted crackers, breakfast cereals, dairy spreads, margarines, mozzarella cheese, instant pasta and paste condiments). The upper values of the interquartile ranges of all and the lower limits were also reduced for most categories. 
Discussion
Brazil initiated the reduction of the sodium content of packaged foods in 2011 and has set biannual voluntary targets for food industries with respect to the maximum levels of sodium for the categories that contribute to over 90% of the sodium from industrialized foods. Therefore, the Brazilian sodium reduction strategy for processed foods relies on the commitment of the major food industry association in the country.
The extent of the impact of sodium reduction in processed foods has been questioned [34] , but it must be considered part of the reduction of dietary sodium in Brazil and accurate results depend on updated food composition data to follow food reformulation. It is also important to consider that sodium reduction strategies include ready-to-eat foods and processed culinary ingredients, as bouillons and other salt-based condiments [35] .
Reducing the dietary sodium intake of the Brazilian population from its current levels to the intended 2 g/day will require a combination of strategies to address all dietary sources of sodium. These strategies include the promotion of healthy diets (including awareness on the risks of excessive dietary sodium and the reduction of discretionary salt use), the promotion of healthy environments (especially schools, including restrictions to unhealthy foods), food regulation (for example front of pack information and other improvements in food labeling) and salt reduction in food services and restaurants.
Although national and international experiences have generally focused on single-nutrient approaches (especially for sodium), recent discussion of multi-nutrient profiling systems may provide broader reformulation strategies and more benefits to public health in the future through combined reduction of sodium, sugars and fats [36] .
The data here presented provide an evaluation of the changes in sodium content of processed foods through voluntary sodium reduction targets in Brazil. Our results show overall progress in 
The data here presented provide an evaluation of the changes in sodium content of processed foods through voluntary sodium reduction targets in Brazil. Our results show overall progress in sodium reduction in most food subcategories, although it is apparent that some subcategories may not achieve the targets or may slow their reductions in the long term.
These results suggest that reformulation targets for sodium affect the upper limit of sodium content of food subcategories, as intended, and also induce changes in the subcategories as a whole by reducing the mean and median sodium content and by affecting the distribution of sodium content within each category.
The variation of sodium content in processed foods over four to six years in Brazil also suggests there may be category-specific issues and challenges that influence the extent of sodium reduction over time and amongst food categories. Nevertheless, it is likely that gradual reductions in sodium content allow food industries to develop the alternatives to reduce sodium more significantly and for consumers to adapt to foods with less sodium.
Sodium is important in processed foods for microbiologic protection, shelf life, sensorial characteristics (such as taste and crustiness), and performance of industrial processes, so these functional roles must be carefully considered in food reformulation [37] . Most food categories have met the PAHO regional targets for sodium reduction, although, considering the most stringent targets, many categories still need further sodium reduction.
Based on the comparison of Brazilian targets and the regional PAHO targets, it is also likely that the list of regional targets should be expanded and the existing inaugural targets may also need to be updated in order to advance in sodium reduction in the Americas.
These results contribute to the building of knowledge on voluntary and regulatory approaches to sodium reduction in packaged foods, such as the adoption of regulatory sodium targets by Argentina [38] and South Africa [24] , while voluntary agreements with food industries have been adopted more frequently, based on successful experiences such as the one in the United Kingdom [38] .
A key strength of this study is the completeness of data collection through accurate, updated and representative nutritional composition data and collection in food company websites. These data sources also allow systematic rounds of data collection for new assessments, including the introduction of new lower-sodium products and the discontinuity of other high-sodium products.
Our study also had several weaknesses. Firstly, food categories that had targets set after 2014 (meat products and soups) could not be included in this analysis because they did not complete two biannual rounds of data collection. Secondly, data collection and analysis only encompassed the products of companies that belonged to the Brazilian Association of Food Industries (ABIA) and did not include breads, cakes and other products from bakeries. Thirdly, we were also unable to assess food composition data using additional sources such as laboratory analysis, so the integrity of our nutritional data depended on the accuracy of food label information and the completeness and regular update of food product information on food company websites. Administrative reports by the National Health Surveillance Agency (ANVISA) suggest that food label information is generally accurate and reliable. Fourthly, all analyzes are based on simple means of sodium content, which do not consider the market share of each product. Sales-adjusted means, as used in Canada, the United States and the United Kingdom, express the actual contribution of each product to sodium consumption, although there is a reliance on access to very expensive market databases.
Future studies will allow a more complete understanding of the long-term impacts of voluntary strategies in Brazil, and assess the impact of these reductions on morbidity, mortality and costs of hypertension and cardiovascular disease and subsidized policy improvement. For example, in Argentina modeling studies of sodium reduction scenarios have contributed to the transition from voluntary to regulatory targets for sodium reduction [22] .
Conclusions
The data here presented provide evidence that the voluntary approach to setting sodium reduction targets in Brazil is leading to a gradual reduction of sodium content in most food categories over time, and that these same monitoring results can be helpful for adjusting targets in the future in order to achieve maximum sodium reductions in 2020 or later. The continuous monitoring process to this point has revealed impacts comparable to regional references as well as the PAHO targets, although stronger enforcement by regulatory targets may be needed in the future with the help of policy-makers, health authorities and civil society in order to reach the overall food market and apply more stringent limits to sodium content in packaged foods.
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